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PREFACE

This effort stemmed from the Air Force Weapons Laboratory's (AFWL) concern
to conduct high-explosive testing under favorable atmospheric conditions,
thus insuring a minimal impact to off-site communities. Many people partici-
pated in this effort.

Atmospheric measurements were needed for airblast predictions. Airblast
meagurements were made to protect the Government from invalid damage claims
and to add to the general airblast propagation data base. Dr Robert E. Reinke
(AFWL/NTES) modified existing equipment to measure airblast. Mr John A.
Leverette (AFWL/NTES) performed the bulk of maintenance, data reduction and
operation of the equipment for field testing. For tests at Yuma, Arizona,
the U.S. Army Atmospheric Sciences Laboratory at the Yuma Proving Ground made
measurements ox upper level wind velocity and temperature. For the larger
Yuma tests, a weather team from the Yuma Marine Corps Ai: Station provided us
with low-level wind observations at the test site. Finaily, Major Jon Kahler's
(USAF, Retired, formerly of AFWL/WE) technical guidance throughout this project
was especially appreciated. ' l

b '

Metric units are used throughout this report. Exceptions are made for
some meteorological parameters which are used in the most commoﬁly;repofted‘
format as follows: Windspeed in knots, atmospheric pressure in millib&rs,
and che height of the weather data in feet. Con§ersion factors are as foliows:
1 knot = 0.5148 m/s, 1 millibar = 102 pascals, and 1 kft = 10° ft = 304.8 m.
All logarithms are to the base ten. '

Any reference to specific brand names is made for identification only
and does not imply endorsement or criticism by AFWL.

i1i/4iv
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INTRODUCTION

The Staff Meteorology Office of tha Air Force Weapons Laboratory (AFWL/WE)
is tasked to monitor atmospharic conditions and predict far~field airblast
propagation for AFWL high-explosive test piograms. Under certain weather
conditiocns, unacceptable airblast may propagate to nearby communities and
produce minor structural damage or excessive noise irritation. Airbdblast
propagation predictions, based on the state of the local atmosphere and the
explosive amounts, are needed for the tasts to safely procead with the assur-
ance of no off-site damage and the minimum of commmity noise irrxitationm.

These AFWL bigh-explosive tests involve conventional weapons and chemi-
cal datonationa with explosive yields ranging from 100 to over 1,000,090 kg.
Tests are conducted either locally at Kirtland Air Force Base, New Mexico,_
or at a remote range near Yuma, Arizona. The airblast prediction techmique
for these tests must be accurate, incorporate changing weather conditioms, |
and be adaptable for field operations at remote sites. This report describdes
the AFWL/WE airblast prediction model which meets the criteria, and presenta
the results of both conventional weapons and chemical high-explosive test

series.

i
e
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BACKGROUND

For far-field airblast propagation, the stmosphere acts as a lena to

rei act the airblast wave either upward or back to the ground surface. In
the far-field, a shock wave from an explosion moves with the speed of an
acousdtic wave. Thus, the degrec of refsection depends upon the speed of
sound in layers of the atmosphere above the ground surface. For the purposes
of this report, the use of the temm "sound speed" will imply the total sound
speed in a particular direction. At any given level, the total sound speed
along a specified direction is approximately equal to the temperaturs depen-:

dent sound speed of the air plus the wind velncity component as given by the
equation:

Vs = 331 * [1 + (2/273))%/% - ws * cosd - DI) a)
where
VS = Total sound speed in the DI direction (m/s)
D1 = Selected direction ¢f interest: Azimuth
angle, clockwise from true north (360 deg)
as viewed from the explosive source (deg)
T = Air temperature (°C)
WS = Wind speed (m/s?

WD = Azimuthal direction frcew which wind is
blowing; clockwise from true north (deg)

A sound speed vertical profile is constructed from temperature and wind
velocity measured at selected altitudes. Thc magnitude of airblast propaga-
tion is dependent on the shape of the sound spead vartical profile and the
gize of the difference between the surface sound speed arnd the valuee aloft.
if the gourl speed decreases with altitude, the blast wave front will be
refracted aloft and sound amplitude will ba diminished at the surface. Con-
versely, when the sound speed at some height exceede the surface value, a
portion of the wave front will be refracted back to the surface with an
ensuing sound enharicement.

i e it il e . o
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Ray tracing techniquas are frequently ussd to compute utmospheric airblast
refraction. Several techniquas are ;vailable which have been used with aucceas
at other locaticng. Table 1 provides information on a few of these techniques
and models. These mdels are unsuitiable for remote field work as they require
either extensive calculations on a mainframe computer or a highly subjective
evaluation of the sound speed vertical profile. This report describes a rela-
tively simple technique, the Blast Operational Overpressure Model (BOOM), for
predicting airblast propagation at remote sites without the benefit of main-
frame computers. No claims are made regarding the mitits of this technique
compared with others in use. The BOOM was develop:! for use in field opera-
tions at.romote locations and it is capable of procducing cccurate results

using a limited memory portable computer.
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TABLE 1. BLAST PROPAGATION PREDICTION TECHNIQUES
Computational
Model Method requirements

l. Sound Intensity Ray tracing to detarmine Mainframe
Prediction System focal points. Capable of computer
(sips) considering terrain.

(Ref. 1) Empirical sound intensity
predictions.

2. Inverted FACT Deterministic. Uses Mainframe
Model asymptotic apprvoximation computer
(Ref. 2) to prevent infinite

intensities in the )
regions of caustics.

3. A Prediction Velocity of sound profiles Sound Velocity
Method for are used with graphs to profile and
Blast Focusing determine focal point overpressure
(Graphical) location. Empirical predictions can
(Refs. 3.4 and overpressure equations. be calculated
and 5 describe Subjective graphical with pocket
gsimilar methods) analysis. calculacor.

4. Focus: Comput- Ray tracing. Computes Microcomputer
erized Aid for focus location and
Making Sound overpressure amplification
Propagation factor -
Forecasts
(Ref. 6)
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PREDICTION MODEL

Richard Lorenz (Ref. 7) developed an empirical overpressure prediction
model for explosions of Mark-82, 500-1b bombs at Bloodsworth Island, Maryland.
Overpressure measursments were made 25 km from the detonationg of air-dropped
Mark 82 bombs with airblast propagation over flat, marshy terrain and open
water. Lorensz 1neoiporatod the refractive effects of the atmosphere into a
single function, the Beta parameter. This parameter represents the atmos-
pheric condition which has the greatest effect on airblast refraction; i.e.,
the maximum difference in the speed of sound betwsen the surface and the alti-
tude wvhere A = arctangent (AV/AZ)' is a wavimum, as shown on Fig. 1.

ALTITUDE (kn)

» Av

Sam wn > @ o e W e e

|
l
|
|
|
'az
|
|
l
|
1

GROUND SURFACE

SOUND SPEED V (m/s) SOUND SPEED V (m/s)

Figure 1. Sound speed profiles defining terms for the Beta parameter.
(Left figure is an example of a negative Beta parameter.
Right figure depicts a positive Beta parameter. Solid lines
are the sound speed vertical profiles. Dotted line is the
surface sound speed value for comparison with other levels.
Small dashed lines are magnitudes of AV and AZ. The angles
designated Ahnx are the maximum values of arctangent AV/AZ.)
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The magnicude of the Beta parametar along a particular diruction is computed
from the maximum value of A given by'the equation:

B = arctangent {3 * (AV/AZ) * (R/C)] (2)
where
"B = Beta paramater for selected direction (deg)
R = Distance to location of interest (k)
C = 30und speed at the surface {a/s)
AV = Sound speed difference related to A J
in Fig. 1 (m/s)
AZ = Height of AV above ground leveal (k)
Loreuz' airblast measurements represent the positive overpressure - J

amplitude of the airblast on the asaumption that the measurements are guffi- l
ciently far-field that the peak positive and negative overpreassures are

appruximately equal. The weather conditions affecting airblast propagation

showed a gignificant variation in the vertical temperature gradient and wiud :

velocity. Resultant Beta parameters ranged from a +81 (strong enhancement) i ;1

N

i

1

{

to a ~26 (moderate attenuation). A lezstc squares fit to the data has the

following equation:

L = 103.1 + 3/5.3 (3)
where

L = Instantaneous peak ovaerpressure (dB)
B = Bata parametsr as previously defined (deg)

Equaticn 3 has a standard deviation of 7.6. Lorens applied the results from
frevious detonations with yields ranging from 45 to 540,000 kg at distances
from 5 to 50 km to develop the yield and range scaled predictive equation:

1.333

L = 103.1 + B/5.3 + 20*L0G [(5/1013)%°35%a(u/110)% #*%a(25/R) 1 (& |

S et e i e e ——— s ot e 2t w e e < car———
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where:

L = Maximum peak overpressure . (dB)
B = Weather paramecer, as pre“iously defined (deg)
S = Surfacc atmospheric pressu-e (mbar)
W = TINT equivalent explosive weight (xg)
R = Distance from explosion (km)

Equation 4 represents the mean expected overpressure. The one standard
deviation above the mean is obtained by adding 8 dB; one standard devialicn
below the mean is obtained by subtracting 10 dB. Lor:nz' model was developed
with measurements in units of decibels. Decibels are an arbitrary scale measure
used in the mechunical measurement of sound. This arbitrary scale is a function
of the ratio of the instantaneous overpressure to 20 micropascals which is

congsidered the threshold of human hearing. This relationship between decigels
ard pascals can be seen in the equation:

L = 20 loglo (P/Po)
where:
L = Maximum peak overpressure ) (dB)
= jnstantaneous overpressure (Pa x 106)

P. = 20 micropascals

So an instantaneous overpressure reading of 20 micropascals is equal to a
maximum peak overpressure of zero when expressed in decibels. The current

standard of airblast intensity is units of pascals, wheré the conversion factor
to pascals is given by:

PK = 0.00002 * 10 (L/20} (Pa) (5)

Lorenz stried that his model appeared to contain the core of a fairly
general prediction method. However, he added that further study would be needed
to determine the applicabilitr ~f the model outside the fange of data from which
it wan derived. The next twc sections demonstrate how well the model performs,
with slight modifications, for the varied AFWL high-explosive test programs.
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CONVENTIONAL HIGH EXPLOSIVES BLAST AND SHOCK (CHEBS) SERIES

This section describes the application of Lorenz' model for the AFWL
Conventional High Explosives Blast and Shock (CHEBS) test series. The
purpose of CHEBS, ccnducted near the southern perimeter of Kirtland AFB, was
to test the effects ~f conventional Mark-83 1000~1b bombs on protective shel-
ters and to charzcterize close-in overpressures. AML/WE monitcred these
tests to insure that unacceptable¢ airblast would not extend to the southern
suburbs of Albuquerque, approximately 15 km from the test site.

For all CHEBS shots, the airblast intensity was measured at a locatiom
5 km east-northeast of the test site. Additional measurements at 7 and 10 km
wera added &8s more airblast measuring equipment became available. Overpressures
were digitally recorded on Validyne Differential Pressure Transducers, Model
P305D. The transducer is of a diaphragm type and capable of measuring in a
range from 2 to 862 Pa, with the manufacturer's specifications indicating an
accuracy of * 0.5 percent at full scale; i.e., * 4.3 Pa. Reference § giﬁes
a complete description of the Validyne specifications and Fig. 2 shows an
example of the recorded airblast waveform from the Validyne.

POSITIVE OVERPRISSURE

(43.3 Pa) PRAR-TO-PEAX
OVERFAESSURE
(62.1 »s)

23.4 %)

PLOT SCALE
(172.4 Po)

PEAK TD PEAX PLOT SCALE
WHY AARK AT ZANPLE @ @ 1 ) 17a.anamones "~

Figure 2. Example of Validyne plot of recorded airblast waveform.
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Atmospheric conditions were determined using the regularly scheduled
ravinsonde observations from the Albuquerque Airport, approximately 10 km
west of the test gite. Test~time vertical temperature profiles were estimated
from the 1200 Greenwich ifean Time (GMT) rawinsonde data, adjusting for the
observed surface temperature at shot-time, normal diurnal variations, and any
significant advective changes. 1In addition, the winds aloft were measurad at
shot time by visually tracking a 10-g pilot balloon (pibal) with a theodolite.
The pibal winds could not be determined aboﬁe 5000 ft due to clouds or strong
winds limiting the elevation angle toward the Manzano Mountains to the east.
For winds above the limit of pibal data, measurements of the latest available
Albuquerque rawinsonde winds were used with the necessary‘advectiﬁe adjustments.

The Mark-83 bombs, which were placed either nose into the ground or on
the side, effectively acted as a point suxface detonation for far-field air-
blast intensity purposes. For a surface burst, the blast propagates hemis-
pherically, rather than spherically as in the case of an elevated burst.
Assuming the ground surface as a perfect reflector, the resulting o§erpresaures
are approﬁimately equivalent to those from double the explosive yield. Thus,
a charge weight of 550 kg TNT equivalent (2*275 kg) was used as the explosive
source strength for the Mark-83 bombs.

The results of the CHEBS series are listed in Table 2. Weather conditionms,
listed in Appendix A, resulted in the Beta parameter ranging from -4 to +l1.
All overpressure measurements were well within the upper bound of Lprenz‘_
prediction equation. However, the mean prediction tended to be low, espe-
cially when stronger winds a2loft resulted in a positi§e Beta parameter.
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{ TABLE 2. CHEBS RESULTS: MEAN AND MAXIMUM PREDICTIONS USING EQUATION 4
Event Measurement Beta Beta Measured Mean Maximum
Location Parameter Helght OGOverpressvre Prediction Prediction
(Aziwath/Range) (deg) (£t) (Pa) (Pa) (Pa) ;
e (deg/km) o
|
' 7 070/5 +9 2¢00 81 57 145
070/5 +11 5000 99 60 151
. . 70/5 ~4 1000 . b4 43 109
( 10 070/5 -2 9000 &4 45 114
Q 12 070/5 -3 7000 45 44 112
Ts 13 070/5 0 1000 71 47 119
13 070/10.4 0 1000 30 18 46
15 070/5 +3 5000 85 50 132
J 15 070/10.4 +8 5G00 20 22 55
15 055/7.2 +4 5000 30 37 82
Lorenz' mean prediction equation was asdjusted to fit the data and given by
the equation:

L = 106 + B/5.3 + 20%L0G[ (/1013)0°3%0»(w/110y0" 444x(25/r) - 3331 (6)
where

L = Peak overpressure (dB)

B = Weather paramcter (deg)

P = Ambient pressure (mbar)

W = TNT equivaleat expiosive weight (kg)

R = Range of interest (km)

Equation 5 is used to convert the overpressure to Pagcals. The maximum over-
) pressure, consistent with Lorenz' upper bound, is obtained by adding 5 dB to
rhe mean predictive value of Equation 6.

10
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The predictions using the Equation 5 instead of Equation 4 are listed
in Table 3. Figure 3 depicts the lirear fit of the predicted overpressures
to the obsarved values along with 95 percent confidence intervals (Ref. 9)
for a future single response. The least squares fit to the data has the
equation: Observed = ~15.3012 + (1.2208 * predicted) with a correlation
coefficient of 0.8801. The magnitude of the confidence intervals is wide but
reflects the small sarple size (10 measurements) rather thar the goodness of
fit. Since weather conditions were partially estimated from rawinsonde data
nearly 6 h old, the predictions using Equation 6 in the CHEBS series were
quite reasonable. The next section shows how the BOOM prediction technique

performs much better when current weather data are available.

TABLE 3. CEEBS RESULTS: MEAN AND MAXIMUM PREDICTIONS USING EQUATION 6 -

Event Measurument Beta Reta Measured Mean Maximum
Location Perameier Height Overpressure Prediction Prediction
(Azimuth/Range) (deg) (ft) (Pa) (Pa) (Pa)
(deg/km)
079/5 +9 2000 81 79 145
070/5 i1 5000 99 82 151
0979/5 -4 1000 44 59 109
10 0790/5 -z 90090 44 61 114
12 070/5 -3 7000 45 63 112
13 070/5 0 1000 .71 64 119
13 070/10.4 0 1000 30 24 46
15 070/5 +3 5000 85 70 132
15 070/10.4 +8 5000 20 29 55
15 070/7.2 +4 5000 30 A 82
11
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NEASJRED OVERPRESSURE CPASCALS)

Figure 3.

Correlation of predicted versus measured CHEBS overpressures.- (The
80lid line is the linear least-squares fit: Measured = -15.3012
+ [1.2208 * Predicted] with a cocrelation coefficient of 0.8801.
Dotted lines are 95 percent confidence intervals for a future
response. )
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ICBM SILO SUPERHARL  NING TECHNOLOGY (ISST) RESULTS

The purpose of the Intercontinental Ballistic Missile Silo Superhardening
Technology (ISST) program, corducted at a remote site 43 km southeast of Yuma,
Arigona, was to test the effects of simulated nvclear detomations on scale-
sized missile siios. To attain the overpressures necessary to si-‘xhto a
nuclear burst, the explosives (Iremite 60, TNT equivalent G.90) were laid in
a mostly circular form with an overburden of desert alluvial soil placed upon
the explosives. The configuration was designed to confine most of the oxplo-
sives effect to the test-bed area. BHowever, for airblast prediction purposes,
the design led to the problem of determining the portion of energy emitted to
the atmoaphere. This section describes the method of predicting the airblast
attenuation caused by an overburden and presents the results of the BOOM model
applied to airbilast predictions for the ISST series. , .

Weathar conditions (wind and temperatura aloft) were gathered from rawin-
sonde dats measured at the Yuma Proving Ground (YPG), 40 km northwest of the
ISST site. Although some uncertainty was introduced into the weather data
due to the distance from the test site, the YPGC rawinsonde was the closest
available data. The data were always recorded within 30 min of test time;
therefore, uncertainty due to distance was minimized by the timeliness of
the information. This problem was eliminated for the Large Size #1 (LSI)
test (so far, the largest in the series) when the YPG weather tesm recorded
the rawinsonde data at the ISST site. TFor the larger ISST tests, weather
people from the Yuma Marine Corps Air Station took pibal wind observations
at the site. Since temperature is a much more comservative meteorological
quantity than wind velocity, the combination of the YPG upper air temperature
data and the winds aloft observed at the site was the best compromise to ade-
quately describe the state of the atmosphare for airblast propagation.

Airblast vas again recorded on the AFWL Validynes for the ISST events.
For the larger tests, additional measurements were made by Sandia National

13
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Laboratory (SNL) peopls, who supported these tests with airblast predictions
and measurements (Rafs. 10, 11, and 12). Table 4 lists the test information,
puints of masuremant, weather parsmeters, anu the measured overprassures.

TABLE 4. ISST TEST RESULTS

Location Beta Measured

(Azimuth/Range) Parameter Overpressure
Example (deg wm) (deg) (2a)

1 355/17.1 -15 24

2 355/3.6 -7 1332

3 360/13.8 -26 118

4 341/3.8 -14 345%

5 359/19.3 -53 288

6 340/14.4 : =21 14

7 355/16 +4 . 40 -

g 355/3.3 +1 4148

9 337/11.3 =10 21
10 340/9.6 =16 20
11 337/5.3 -5 96
12 337/15.6 -46 32
13 330/5.7 ~14 37a
14 340/3.5 -7 80
15 330/16.2 +10 53
16 340/2.5 -1 196
17 330/11.3 +7 38
18 340/14.4 -26 :
19 300/2.1 -2 375
20 360/14.2 +3 282
21 336/9.6 -33 82
22 - 360/18.6 -34 78
23 330/11.3 -16 36 ;
2 336/9.7 - -33 758
25 340/9.6 =14 28
26 355/14.5 -28 14 i
27 330/9.7 +6 628 |
28 340/3.5 -5 114 i
29 340/14.4 =24 8 i
30 340/14.4 -1 6 :
3l 355/13.9 -44 39
32 338/5.9 +4 190a
33 360/13.8 -hé. 49

s SNL measurement.

14
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To determine the airblast attenuation effect of the ISST overburden
configuration, the BOCM predictive equation (Equation 6) was solved for the
amount of explosive weight required to produce the observed overpressure for
the range of interest and the weather cuunditions. 1In effect, this procedurs
eliminates the overburden effect by treating the explosion as a point source
surface detonation. Therafora, the percentage ratio of the "apparent weight”
to the tota]l explosive weight describes the portion of energy remaining as
airblast after tha explosive energy has been expended to remove the overburden.
The last column of Table 5 shows the percentage oX the total explosive weight
that regulted in the measured overpressure at esch location. For the series,

values ranged from less than 1 percent to nearly 11 percent.

J.W. Reed (Ref. 13) reasoned that the alrblast emanating from beneath an
overburden should depund on the amount of exploesives, the area over which it
is laid, the overburden mass, ;nd the time to venting. However, he added that
the time and character of the explosive venting, 1.e., the fajlure of he
overburden containment, should depend cn the texture of the overburden mete-
rial. Any pliysical assessment of that characteristic would be difficult.

Cn the other hand, Reed observed that the fractional amount of energy expended
in iifting the overburden to its venting pcint depends on the o§erburden mass
per unit explosive area. Thus, the vented airblaat should have some relation-
ship to the overburden mass per unit explosive mass.

As previously discussed, the purpose of the ISST overburdea was to induce
large overpressures by confining most of the explosive 2nergy to the test-bed
area. As depicted in Fig. 4, the explosives we.: laid in a nearly circular
arca with the overburden built to a prescribed depth over the explosi#es. The
depth of the explosives was negligible compared to the overburden height.

The edge of the overburden extended beyond the explosives extremity to a dis-
tance equal to the overburden height and than extended to the gtound on &

2:1 grade. This configuration was designed to attain an equal amount of over-
burden in all directions from the explosives.
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TAELE 5. ISST APPARENT WEIGHT (X OF EYPLOSIVE WRIGHT)

Measurement Apparent Weight
Example Location (lam) (X of Exnlosive Weight)

M 17.1 10.915

2 3.6 2.707

3 13.8 1.849

4 3.8 2.220

5 19.3 6.497

6 14.4 4.999

7 6.0 6.438

8 3.3 6.347 )
9 11.3 1.824

10 9.6 4.477

11 5.3 4.511
12 15.6 3.627

13 9.7 4,167

14 3.5 3.163

15 16.2 10.955

16 2.5 4.734

17 11.3 1,299

18 14.4 3.012 —
19 2.1 5.140

20 14,2 4.707

21 9.6 3.544

22 18.6 2,633

23 11.3 6.866

24 9.7 2.140

25 9.6 £.006

26 13,5 3.112

27 9.7 2.257

28 3.5 3.681

29 14.4 2.841

30 14.4 0.585

31 13.9 3.458

32 5.9 0.285

33 3.8 5.388
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Figure 4. Test-bed configuration for the ISST saries. (Explosives and
overburden are laid in a nearly circular form. The dimensions t,
r +h, and ¥ + 3h are radii. The depth of explosives is nragli-
gible compared to the overburden height.)

Many approaches were tried to empirically describe the airblast attenua-
tion as a result of the overburden. The test ralationship resulted when the
ratio of the explosive weight and the total overburden mass was correlated
with the mear apparent explosive weight for each individual test. The entire
overburden mass was used to calculate the overburden factor with the assump-
tion of a hemispherically radiating blast wave. This accounts for the portirm
of blast energy needed to move the intervening overburden in all directions
before venting to ti.e atmosphere. The overburden factor calculated for the
ISST series is:

Z = W/(0*D) D]
where

Z = Overburden factor (kg explosive/kg overburden)

W = INT equivalent exploaive weight (kg)

0 = Overburden volume (n3)

D = Density ¢f overburden soil (kg/m3)

17
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The density of the alluvial soil wvas measured after each tast and found to be
1845 hl/ls. t 5 percent. (Note: Eduation 7 has been tested for only this
‘.nﬂity. )

The equation derived to account for the overburden effects hai the
form:

22 = «0.0146 + (11.5187+2) (8)
vhere

ZZ = Effectiva explosive weight factor

Z = Overdburder factor from Equation 7

The correlation coefficient ¢f the linear fit is 0.7660. Figure 5 graphically
shows the least squares fit of the data. Scatter is evident in the data;
however, the overburden factor Z does have a positive linear correlation with
the apparent explosive weight. As an example, if an equal overburden configu-
ration vas used with an increased explosive weight, Equation 8 correctly pre-
dicts an jncreassd apparent weight resulting in increased airblast effec:.
Conversely, an increased overburden volume with the zase explosive veight
would lead to a decreased airblast.

The overburden attenustion (Equation 8) was used in the BOOM prediction
equation (Equation 6) to calculate the c:plooiQo weight for the ISST events.
The prediction rasults are listed in Table 6. The 95 percent confidence
idnits (Ref. 9) were computed for a single future response. Based on the
results of 33 overpressure measurements, the upper bound for predictions in
the ISST series is: ‘

PM = PK + 43.2838%[1.0303 + ((Pr-88.1212)2/389009.5152]}/2 (9)
where

™ = Upper bound on the BOOM ﬁrodictioa (Pa)
PX = BOOM mean prediction (Pa)

18
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% &F TOTAL DFLOSIVE WEDSHT

Figure 5.

PN U BN DU Y U (Y U I W G W N

3
8.000 9.000 e.00? o.00

0.004 0.088
OVERBURDEN FACTOR CUEDIMT/VOLUNGSORNEITY)

e

Correlation of the ISST overburden factors and the mean
apparent explosive weights (percent of laid cxplosive
weights). (The solid line is the linear lezst-sqg.ares fit:
Percent of total explosive weight = 100 x 2Z, with a cor-
relation coefficient of 0.7660.)
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TABLE 6. ISST BOOM OVERPRESSURE PREDICTIONS

Measured * Pradicted
Measurament Beta Overpressure Overprassure
Example Distance (knm) (deg) _ (Pa) (Pa)
1 17.1 -15 24 17
2 3.6 -7 13, 152
3 13.8 ~26 11 17
4 3.8 -14 3458 444
5 19.3 -53 282 22 :
6 14.4 =21 14 15
7 16.0 +4 40 48
8 3.3 +2 414% 372
9 11.3 -10 21 33
10 9.6 -16 20 . 17° §
11 5.3 -5 96 99
12 15.6 -46 32 33
3 9.7 -14 372 35
14 3.5 -7 80 79
15 16.2 +10 S8 55 .
16 2.5 -1 196 190
17 11.3 +7 38 82 X
18 14.4 -36 7 8 *
19 2.1 -2 373 363
20 14.2 +3 288 56
21 9.6 -33 82 86
22 18.6 -34 73 9
23 11.3 =16 36 27
24 9.7 =35 758 78
25 9.5 -14 28 25
26 14.5 ~28 14 15
27 9.7 +6 628 99
28 3.5 -5 114 138 \
29 14.4 -24 8 8 1
30 14.4 -1 6 11 y
31 13.9 =43 398 . 42 '
32 5.9 +4 1908 183 4
33 13.8 =43 49 42 ‘

2 SNL measuraments
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As shown on Fig. 6, the BOOM prediction techrnique produced excellent
results, i.e., a 0.9471 slope of the linear least-squares fit and a correla-
tion coefficient of 0.9788. Accurate predictions were made over a wide range
of both test parameters and atmospheric conditioms. 0§erptessure predictions
were accurate at distances from 2.1 to 18.6 km at‘o§erpressure leﬁels ranging
from 6 to 414 Pa. Additionally, weather conditions were quite #ariable.
Vertical gradients of both temperature and wind velocity resulted in the
Beta parameter varying from +10 to =-53. Howe§er, the ISST overburden factor
[explosive weight/(overburden Qolume * uﬁerburden density)] was only between
0.003 and 0.007. Further verification is needed for airblast predictions
using overburden factore beyond the ISST limits.

A computer program to incorporate the BOOM technique was written in

BASIC programming language for use on a Radio Shack PC-2 portable micro- -
computer. See Appendix B for details of the program. C=e

21
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... -CONCLUSION

An airblast prediction technique, the BOOM, has been presented. The
BOOM was implemented on a Radio Shack PC-2 portable microcowmputer and is
particulerly applicable for airblast predictions at remote locations where
access to a mainframe computer is not available. The BOOM is a modification
of a technique daﬁeloped by the Naval Surface Weapons Center for predicting’
airblast intensities from 500-1b bomb explosions. The refractive effect of
the atmosphere is incorporated into a single function, as opposed to ray-
tracing techniques, to datermine whether airblast intensity will be amplified
or diminished by the atmosphere. Results of airblast intensity measurements
from 1000-1b bomb explosions demonstrate the validity of the original tech-
nique. An overburden facteor, based upon the volume of soil placed upon the
explosives, has been developed to predict the airblast emanating from beneath
an alluvial soil overburden. Airblast predictions using the BOOM were vali-
dated with measurements from the ISST program. The overburden airblast
attenuation factor may not be valid for ratios of explosive weight to over-
burden volume excee’ing the range of the ISST series.. Howe#er, the general

technique should be uzeful in developing attenuation factors for explosions

'with overburdens.

—
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APPENDIX A
WEATHER DATA AND SOUND SPEEﬂ PROFILES-CHEBS SERIES

This appendix lists the atmospheric conditions and the resultant tabular
and graphical vertical sound speed profiles for the CHEBS high-explosive
test series. The listings are copies of print-outs from the microcomputer
-used to run the program. For ease of readability of the sound speed plots,
an enlarged copy of the first plot is presented. See Section 4 for the
methods of obtaining the meteorological data and the assumptions considered.
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Figure A-1. CHEBS 7 weather data and sound speed profiles toward 070 deg.
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Figure A-3. CHEBS 3 weather data and sound speed profile toward
070 deg.
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Figure A-4.
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Figure A-5. CREBS 10 weather data and sound speed profile toward
070 deg. :
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Figure A-7. CHEBS 13 weather data and sound speed profile toward
070 deg.
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APPENDIX B
DESCRIFTION OF THE BLAST OPERATIONAL OVERPRESSURE MODEL (BOOM)

This appendix describes the AFWL/WEL BOOM used to predict far-field
airblast intensity. The program is written in BASIC programming language
£for use on a Radio Shack TRS-80 PC-2 portable microcomputer. The BOOM
program has many optiona. Airblast intensity is comput.. for either a
standard surface detonation or a buriei explosion. The model uses an
attenuation factor to predict the airblast emitted from beneath an alluvial

goil overburden. Weather information, to compute the vertical sound speed

profile, may be input in the following ways: (1) rawinsonde preasure levels

and temperatures, plus winds at standard 1000 ft intervals; (2) rawinsonde
pressure levels and temperature, plus pilot balloon azimuth and elevation-
angles to compute pibal winds; and (3) temperature and wind at spaecified
heigk+s. The output statements and the sound speed plot subroutine are

written for the PC-2 printer having only an 18 character field width.

Therefore, users of the program will probably need tc modify these statements

for use on other machines. On the following pages are listings of the pro-
gram variables and the BOOM program, and a description of the program flow.
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BOOM VARIABLE LISTING

AU,BU - trigonometric functions to compute the U component of the pibal wind
AV,BV - trigonometric functions to compute the V coaponent of the pibal wiad
AZ - azimuth of the pilot balloon at each timed measyrement (deg)
B - saximum Beta paramater for a given direction and range (deg)
BH - altitude of maxisum Beta parameter (kft)
CH - option to print vertical sound speed plot
DD - cdifference between direction of interest and wind direction
at each height (deg)
3 DI - directions for airblast predictions (deg)
DN - number of directions for airblast predictions
DV - difference batween surface sound speed and sound speed
at each height (w/s)
DZ - geopotential chickness between each rawinsonde level,
based on the hydrostatic a:: oximation (ft)
EL - elevation of the pilot balloon at each £imed observation (deg)

=
]

linear interpolation factor to compute temperature at
9 the height of each wind data height
N H = height of sound apeed calculations, based upon input height

of wind and tewperature data (kft)
: HD - height difference between successive rawinsonde pressure levels (ft)
II -~ counter for pibal wind calculations

I3 -~ pibal observation interval (s)
IT ~ total time elapred since pilot balloon release (s)
LA ~ previous pilot balloon azimuth ;used to compute pibdal winds (deg)

LE ~ previous pilot balloon elevation ; used to compute pibal winds (deg)
LL = wumber of weather data levels

-4’ M =~ Bata parameter for each direction, range and height (deg)

MM -~ number of pilot balloon azimuth and elevation observations

M - height of pllot balloon at esach obsecrvation (£t)

NR - number of ranges for airblast prediction along each direction

P ~ rawinsonde pressure level (mbar)

. 2D ~ pibal wind direction (deg)

 ‘} N PH ~ previous height of pilot balioon; used to calculate pibal winds (fc)
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"R "REE" 3 2R

TE
=

®mean overpressure from POOM  ‘(Pa)

saximum overpressure from BOOM (Pa)

pibal wind speed (ke)

ranges for airblast prediction along each direction  (kw)
geopotential haight of each rawinsoande pressure level (£t)
oumber of rawinsoude prassure levels

rise rate of pilot bslloon depending on tiwe since release (fe/s)

atmospheric surface pressure (abar)
pilot balloon size (10 or 30 g)
temperature at each rawinsonde pressure level (°c)

temperature difference batween successive rawinsonde
Pressure levels {°C)
option, surface or buried explosion

ravinsonde teaperature converted to Kelvin (K)

IN$ - heading, any desirad entry
TP - option for wind input: rawinsonde or pibal

T

NESE§TE g

teaperature at the level of wind data; either actual or computed
from rawinsonde data  (°C)

option for type of weather data input

east-vwest pibal wind component; used to compute pibal wind
north-south pibal wird component; used to compute pibal wind
sound speed along the salected diraction (m/8)

TNT equivalent apparent explosive weight (kg) .

wind direction at each height (deg)

wind speed at each height (kt)

INT equivalent explosive weight (kg)

height of layer averaged pibal wind (ft)

overburden fscior (kg explosives/kg soil overburden)

effective explosive weight factor (resulting from ovarburden)
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BOOM COMPUTER PROGRAM LISTING

1: "BOON" -
18:D1M PC18), TC1@
% TK(1@), RH( 1@
3 WDC21), WSC21

)

11:0IM TTC21),US(
3, 21>, DU¢3, 21D
» DIC¢3),R(¢3, 8),
PK(3, 8), NR(8)

15:01IM B(3, 8), PM(
3, 8), H(21), BH(
3, 8):WARIT 100

38: INPUT "TEST LO
CATION, BATE/TI
ME"; TN$

32: INPUT "EXPLOS!
VE WEIGHT(KG)"

JWT
34: INPUT "“SFC PRE
SS<MBY";S

36: INPUT "EXPLOS!
ON? SFC-1, BURI
ED-2"3TE -

38:IF TE=1THEN
LET W=2xWT:
S0TC 49

408: INPUT "“QUERBUR
DEN FACTOR “;2

42:22=-.0146+(]1.
S157%2) : W=uT%x2
2

49: INPUT "“WANT PL
0T? YES-1 NO-2
";CH

S@: INPUT "# OF DI
R OF INT”;DN

68:FOR I=1TO ON

7@: INPUT "DIRECTI
ON"3DICI)

71:INPGT "8 OF RA
N3EE "jNRCD)

225F0R J=1Y0 NRCI

3
7335 INPUT "RANGE (K
M) “iRCL, I
2SENEXT JINCXY I

o
-

S8:PRINT “TYPE WE
ATHER CATa?"
82: INPUT “RAWIN-}
] HGT) TEHP, WD-
2"3TW
94: JF TW=2THEN
GOTO 1178
10@: INPUT "“# OF RA
WIN LEVELS “;R
L
128:FOR I=1T0 RL
138: INPUT "PRESSUR
ECMBY “;PCID
14@: INPUT “TEMP(C)
"3TCID
156: TKCI,=TC]3+273
2
16B:NEXT 1
222:PRINT "WING DA
TH NEEDED"
238: INPUT "D DAT
A? RRUWIN-!;PIS
A -2"; TP
248: IF TP=1THEN
GOTO Seg
25@: INPUT "BALLON
SIZEC(GH)Y ;82
2688: INPUY “0BS TIM
€ INTZRVAL ;1
S

- 276: INPUT '8 PlBeL

OCS "3 MM

280: IT=0: PH=0:LQ3=2
$LE=,01745:C1=
B.33:02=2.82:C
3=22:RAN=N.1830:
i1=¢

220 [F S2=13THEN
60TO 310

300:ClaC1 3222 CzaC2%
2:C3=C3%2

1O LPRINT * PIR
aL DaTaA"

3IS5:LF JILPRINT "M
GT<FT) WiND(¢
KT)"

2460.LF 2
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352: 17Tz T+.3:RR=C2
t1l=11+1

362: IF 1T¢=75STHEN
LET RR=Cl

320:IF IT>240THEN
LET RR=C3

 382:NH=PH+RRX S XH

s(NHAPH) 72
39@: INPUT “AZ2IMUTH
ANGLE 3RZ
493: INPUT "ELEVATI
ON ANGLE "3;EL

402:AZ2=R2XRAD:EL=E
Lx¥RAD:RADIAN

410:AU=(NHXSIN R23
sTAN EL:BU=(PH
XSIM LA/TAN L
E:U=CALU-BUI 1S

420: AU=(NHXC0OS RZ2)
sTAN EL:BU=(PH
*COS LAY/ TAN L
E:U=(AU~BU)I/IS

430:P5={SAR (Ur2+U
~2)>),3,2808

44@: I1F U(=3THEN
GCTD 462

452:PD=ATN (U WI/R
aAD+18@:G0TO 42
")

460:PD=ATN (LU/UH/R
A0

470: IF PC<=0OTHEN
LET PD=PD+369

482: LA=RZ2LE=SL.: PH
=NH .

492: LPRINT USING "
BRNLURY I XHS

S@2: TAB S:LPRINT
USIMG “#NuR";P

1:TAB 13:

LPRINT USING "
w48 PSX2

518 1F 1I<KMMTHEN
GOTO 3958

S20:LF 4

A0\B: INPUT "% OF UWN
0 LEVELS "iLbL

"~ 39

912:FOR (=170 L&

 920@: INPUT "HEIGHTC

KFTY "3;HCDD
930: INPUT "WNC OIR
“sWDCID
$40: INPUT "WND SPD
(KT "3usScI)
9S@: WS CI>=WSCI)X.5

ago: NEXT I
1000:RH(1>=0
1@10:FOR [=2T0 RL
1030: D2=-48.23373%

CTKCI)+TKCI-
1))XLN (PCID
/PCI-1))
184@: RHCID)=RH(CI-1
y+D2
1@50: NEXT I
1960: C=0@: NN=RL-1
1880: FOR I=1TO NN
1899: HD=RHCI+1)-R
M1 TD=TCI+
1)-TCD
1110:FOR J=1T70 LL
1120: IF (HCJ)Y¥1@0
. @)CRHCIDTHEN
6OTO 1161
1130: IF (H<J)>¥x103
@) O>RH(I+1)
THEN GOTO 11
62
1148:F=(H(J)>¥X1009
-RHCI))7HD:C
2C+1: TT(C)H=T
DxF+TCD)
1161:NEXT J
1162: NEXT 1
1165:6GO0TO 1200
1170: PRINT "ENTER
HT, TEMP, WIN

11722 INPUT “"HOW M
ANY LEUFLS?”

¢ jLL
1174:FOR 1=1TO LL
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1128: INPUT "ENTER

HEIGHT(KFT)
“IHCD
1178: INPUT “ENTER
TEMPCC) 5T
T¢I
118@: INPUT “ENTER
WND DIR “jW
o<h

1182: INPUT "ENTER
WND SPD(KT)
WS

1184:USCI)=US(I)x
S

1186:NEXT 1

1200:FOR K=1TQ DN

1213: DEGREE

1258:FOR M=1TO LL

1230: DD=D] (K> -WD(
M

1278: US(K, M)=33].
SXSAR (1+TT(
M)r2723.2)-WS
(MHXCOS <DDO

1280: DUCK, M)=US(K
y M-=USCK, 1)

1298: NEXT N

1308: NEXT K

1310: LPRINT TNs

131S:LF 1

1316: LPRINT " xU
EATHER DATAX

1317:LF 1
1320: LPRINT " HGT
TEMP UWIN
Du
1322: LPRINT “(KFT
> (L) (KTS
) [1]
1325:LPRINT "ewaa=
1330:LF |}

1340:FOR N=1TO LL

40

1360: LPRINT USING
“HEE. B HIND

3
1361: TAB B:LPRINT
USING "N0b. %
"ITTCNYS
1362: TAB 11:
LPRINT USING
“HENRTWOIND

3
1363: TAB 153¢
LPRINT USING
"HRR"SWUSINO X
2
1380:NEXT N
1381:LF 2
14@8:FOR K=1TO DN
1420: LPRINT "DIRE
CTION “;
1425: LPRINT USING
"HARRT ;01K
1430:LF 1
1434:LPRINT "%SOU
ND SPEED DAT

Ax"
1435:LF 1
1440: LPRINT " HGT
SOUND DEL
TA"
1441 :LPRINT *
SPEED SPE
ED"

1442: LPRINT "(KFT
> (ArSY  ((nr
S)ll

1443: LPRINT “o==-

1508:FOR I=1TO LL
1519: LPRINT USING
“HEN. NS HCD

’

1338: TAB 6:LPRINT
‘USING "#888.
"3USCK, 1)3

|
|
!
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1550: TAB 13:
LPRINT USING
"Hae, 8" 0VKK
 ID

15608:NEXT I

1930:FOR [=1TO NR
)

1938: BH(K, 1)=8:B"
K, [)=-1000

1939:8¢K, [)=-1003

195@:FOR J=2TO0 LL

1960: DEGREE

1970:M=ATN (L (3%R
(K, 1)%¥DUCK, J
)7 CUSCKy 1)%¥
H(J)>%x.3048))

b

1929: IF t1>B(K, 1)
THEN LET BH(
K, I>=2HC¢J)

1980: IF M>B(K, ID
THEN LET B(K
s 1)=M

1990: NEXT J

2000:L1=105+B(K, ]
375, 3+20%L0G
(((Sr1813)>~,
S56)%((W/110
)~,.444)%((25
/RCK, 1))n1.3
333

2005:PK (K, 1)=.000

T @2%19~(L1,20

y .

2008: IF TE=2THEN
GOTO 2030

2010:L2=111+B(K, 1
)75.3+20%L06
(C(Sr1013)~,
S56)%(CW/110
3~,.444)%C(25
7RCK, 13)M1.3
33

2015:PM(K, 1)=,000
82%10~(L2/20

S '
2020:GOTO 2040

2030: PM(K, [)sPK(K
y 1)+43,2838%
SQR (1.0303~
CC(PK(K, [)-3
8.1212)r2)73

83903.5152))
204@:NEXT I
2080:LF 3
2082:LPRINT "  ¥¥
PREDICTIONSX
“iLF 1

2070:LPRINT "RANG
€ OUER-PRZ
SS "
2072: LPRINT " (KM
(PRO"
2073 LPRINT Y===-
-——tLF 1
2080:FOR I=1TO NR
(x>
2090: TAB 1:LPRINT
USING “##8.%
- "IR(K; 1)3
21190: TAB 9:LPRINT
USING "#iEES
#. 83 PK(K, 1D
211S5:TAB G:LPRINT
nnnx " ;
2116:TAB 9:LPRINT
USING "#ini#
.83 PMCK, 1D
2120:LF 1
2122:LPRINT "MAX
BETA ";B(K,
D
2123:LPRINT "HGT(
KFT) ";BHC(K,
D)
2124:LF 2
2125:NEXT 1
2128: IF CH=1THEN
GOSUB 3020
2127 TEXT :LF 3
2136:NEXT K
2140:END
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3222:REM _PLOT RO
UTINE

3212:LF 3

3820: LPRINY “¥xSOU
ND SPEED PLO
Tx"

3030:LPRINT * DIR
ECTION";DI(K
)

3042: TEXT :LF 23

3082:CSI2E 1:

LPRINT "-24

-18 =12 -

6 a 6
12"

3830:LF 1:CSIZE 1

4010: LPRINT "DELT
A SPEED(M/S)
tWITH RESPEC
T TO SFC":LF
-4:GRAPH

4042: LINE (98,0)-¢
189, @), 8:
CSIZE 1:
LPRINT * 8"

40SQ:L INE (@, 80)-
<180, 83>, 8:
LPRINT " 4"

4060: L INE (0, 168>
-¢189, 160>, 8
ILPRINT * 8
(1]

4970:L 1IN L9, 240
-(182, 248), 8
SLPRINT " 12

488Q: L INE (0, 320>
-¢189, 320>, 8
SLPRINT " 16

4090: L INE (0, 408)
-(180, 400), 8
SLPR! © % .

42

d

4100:LINE (<180, 40
9)-¢186,8),8
SLINE (1358, 3
;-(150a409)»

411@:LINE (}20, 40
8)-(129,8>, 3
SLINE (<90, 3>
-(90, 490>, 8

4120:LINE (<G8, 400
)-(60, 0), 8:
LINE ¢36,0)-
(30, 400), 8

4138:LINE (<@, 400)
-(0, B), 9

4150:FOR 1=1TO LL
SHCID=HC]I>%X2
0:DUCK, 1>=DU
gK,I)*S:NEXT

4160: GLCURSOR (12
0, @):SORGN :
FOR J=2TO LL

4170: LINE (DUCK,J
=1, H(J=1))~-
(QUCK, J), HCJ
2,0

4180: NEXT J |

4185: GLCURSOR (90
y 150):ROTATE
3:LPRINT "aL
TITUDE (KFT)

4190:FOR I=1T0 LL
SHCI)=M(] )2
@: DUCK, [>=0u
(K, 1)/75:NEXT
1

4195: TEXT :CSI2E
2:LF 20

5002: RETURN
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800M COMPUTER F ‘OGRAM FLOW CHART

INPUT . explosive weight (TNT equivalent)
+ atuospheric surface pressure

surface -
TEB&PUTI « apparent weight

{ INPUT « overburden fac:oi// )

COMPUTE . overburden attenuation factor
+ appareat weight

6_4

I{ENPUT o directions for sairblast prcdiction:/’

+ distances along each direction

other

rawinsonde

NPUT . pressure levels .
+ temparature at pressurs levels

43
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ravinsonde

INPUT . balloon size
. observation tiae interva

|

!EﬂPUT . balloon azimuth and elevati
/ angles for each observation

j\/

COMPUTE . pibal winds and heights

!PRINT « pibal winds and heightoA],

»

e

NPUT .

weather data
(height, teaperature,
and wind velocity

for each. level)

NPUT . pibal winds evary 500
or 1000 feet to maximum

winds

l/iNPUT . rawincondj?

« latest rawinsonde winds
above max pibal level

?

rawinsonde pressura level
. geopotential height of ea
rawinsonde pressure level

wind data height

COMPUTE . geopotantial thickness between each

ch

. interpolated temperature at each

@uu’: . weather data/

44
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©

FUR each direction

NEXT direction

COMPUTE . directed sound speed for each level

» maximum Beta parameter for each distance
. overpressure at each distance

PRINT . directed sound speaed for each level

predicted overpressure at each distance
Beta parameter and corrasponding altitude

[gélNT « vertical sound speed ploé]?

no

direction

45/46
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